To analyze oral health behaviors changes over time in Brazilian adolescents concerning maternal educational inequalities.
Monitoring health-related behaviors is useful for contributing to the planning, implementation and evaluation of health policies. Oral health is a fundamental component of overall health and must be integrated into surveillance system and health promotion actions. In addition to influencing the general heath and quality of life of individuals, the main risk factors for oral problems also contribute to the most prevalent chronic non-communicable diseases. 23 For example, the frequent consumption of sugar and tobacco are associated with the etiology of caries and periodontal diseases, respectively, as well as with cardiovascular diseases and cancer. 1, 17 Adolescence is a stage of life in which health behaviors are established, and may even affect adulthood. 11 Evaluating oral health-related behaviors of this population group in various countries, 2, 7, 10, 12, 15 such as oral hygiene, sugar consumption and smoking, can contribute to identifying risk and protective factors, inequality in its distribution and the need for intervention. 7 Performing national health surveys that include issues relevant to oral health represents a step forward in terms of health surveillance and can provide information for studying socioeconomic trends and inequalities within Brazil, as well as making international comparisons possible. In Brazil, adolescent oral health-related behaviors were included in the 2009 Pesquisa Nacional de Saúde do Escolar (PeNSE -Brazilian National School Health Survey) for the first time.
a The results showed that lower toothbrushing frequency, more frequent sweets consumption and cigarette experimentation were associated with low levels of maternal education, 24 confirming its role as a strong predictor for disease and health-related behaviors in children and adolescents. 16, 18 Despite some studies on the subject having been performed in Brazilian cities in recent years, 8, 14, 20 there is still no evidence regarding behavioral changes overtime based on more than one cross-sectional study. In addition, most of these research investigations focused on oral hygiene, making it necessary to understand the characteristics of other behaviors that may influence oral health during this particular life phase.
Another important aspect concerns the social inequalities in adolescent health. 25 In recent decades, more sophisticated approaches have been used to measure trends in these iniquities, 22, 26 and with the combined use of relative and absolute inequality measuring techniques has been recommended. 3 These methods are promising in oral health research; 6 however, literature on the subject
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remains scarce and, until the moment of this publication, there has been no published study that used this approach regarding risk factors for oral diseases.
Studies regarding trends in the prevalence of oral health behaviors in Brazilian adolescent students and their relationship with social inequalities are necessary. In addition, they may offer an important contribution for monitoring these conditions in terms of health surveillance, and for developing health promotion strategies that are most appropriate for this population group. Changes analysis taking into account socioeconomic status may reveal the potential iniquities in the behaviors over time as well as indicate population groups which should be prioritized.
With the second PeNSE in 2012, b it was possible to perform comparative analysis on four factors related to oral health during this period: toothbrushing frequency, sweets consumption, soft drink consumption and cigarette experimentation. The data produced are also useful to measure socioeconomic inequalities in these behaviors, based on the main methodological strategies used in health studies. These results can help to broaden the approaches used in studies regarding inequalities in oral health and to develop integrated strategies for oral health and general health.
This study aimed to analyze the changes over time of oral health related behaviors in adolescents concerning maternal educational inequalities.
METHODS
PeNSE 2009 and 2012 databases were analyzed. PeNSE is a cross-sectional study performed with students in their ninth grade of both public and private schools. Most students were between 13 and 15 years of age. Students who did not provide information regarding their sex were excluded. The sample from the 2009 PeNSE represented 26 Brazilian capitals and the Federal District (n = 60,973; response rate = 88.7%), in 1,453 schools. The 2012 sample represented Brazil as a whole, with all five regions and 27 capital cities. The present study included only students from the 26 capitals and the Federal District (n = 61,145; response rate = 83.8%) of 1,469 schools, making it possible to compare the two surveys.
Students who did not respond to questions regarding toothbrushing, sweets consumption and soft drinks, cigarette experimentation or maternal schooling were excluded, which resulted in different sample sizes for each studied behavior in each year. The sample size in the two surveys was estimated based on the following parameters: maximum relative error of three percentage points, 95% confidence intervals and 50.0% prevalence for the various situations regarding adolescent health. The sample size used to test associations between the variables was evaluated and proved to be sufficient. Sampling in 2009 and 2012 PeNSE used the probabilistic method for selection by conglomerates at two stages: schools (primary units) and eligible classes in selected schools (ninth grade of elementary education). All students present on the day in which the questionnaire was to be undertaken were invited to participate in the research.
Sampling weights were calculated so that the collected data could represent all students enrolled in the ninth grade of elementary school who attended regular daytime classes in public and private schools, considering the different likelihoods of schools and classes being selected. These weights were obtained taking student absences into account during data collection (losses) and students who did not respond to the question regarding sex.
In order to collect data, structured self-reporting questionnaires were installed in a portable microcomputer The analysis included the following behaviors related to oral health from data collected from the 2009 and 2012 PeNSE: toothbrushing frequency, weekly consumption of foods containing sugar (sweets and soft drinks) and cigarette experimentation in any moment of life. The questions that defined the outcomes were the same in both studies:
• Toothbrushing frequency: "Based on the last 30 days, how many times a day did you brush your teeth, on average?". Responses were categorized into at least twice a day and less than twice a day.
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• Sweets consumption: "Over the last seven days, on how many days did you eat treats (candies, chocolates, chewing gum, bonbons or lollipops)?". The following categories were created: low consumption (zero to four days) and high consumption (five or more days).
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• Consumption of soft drinks: "In the last seven days, on how many days did you drink soda?". The response alternatives were grouped into low consumption (zero to four days) and high consumption (five or more days).
• Lifetime experimentation with cigarettes: "At any point in your life, have you ever smoked a cigarette, even if it were only one or two inhalations? (not counting marijuana cigarettes)". The response options were yes or no. 4 For each outcome regarding oral health, the following socioeconomic and demographic variables were studied: age (11 to 13 years; 14 to 16 years; and 17 years or more), sex (male; female), self-identified race/skin color (White; Black; Yellow (Asian origin individuals); Parda, c Indigenous), type of school (public; private) and degree of maternal schooling expressed in number of years spent in school (> 11; 9-11; ≤ 8).
During data analysis, the prevalence of oral health-related outcomes of adolescents and their respective 95% confidence intervals were initially estimated for the 26 Brazilian state capitals and the Federal District. The Rao-Scott test was used in order to compare the proportions between 2009 and 2012 and to measure the absolute differences in each of the years in the outcomes regarding sex, age, race/skin color, type of school and maternal education.
Maternal schooling was used as an indicator for socioeconomic inequalities. The analyses were stratified by type of school (public; private) and the following adverse outcomes were analyzed: brushing teeth less than twice a day, high sweets consumption, high consumption of soft drinks and having experimented cigarettes.
Social inequalities in health are measured in several ways with there being no consensus on which one is ideal. 26 However, relative and absolute measures should be used, particularly to monitor changes overtime. 9 Absolute inequalities are measurements regarding difference, while relative inequality measurements regard ratios. It is possible that different and divergent results for each condition in particular can be observed, as a significant reduction in absolute inequality and an undesirable increase in relative inequality. For this study, the following health inequality measures were estimated: slope index of inequality (SII), as an absolute measure, and Relative Concentration Index (RCI), as a relative measure.
with a mean of 0.05, which would be the value for this category; if the following educational category included 20.0% of the population, its variation would be between 10.0% and 30.0%, with a mean of 0.2 and so on. Thus, the population is ranked and any studied population group will have the same amplitude variation, the highest level being equal to 0 and the smallest, equal to 1. The SII can be interpreted as an absolute change in health behavior when going from the highest to the lowest level of the adopted socioeconomic indicator scale. Negative values indicate risk accumulation in groups with the worst socioeconomic indicators or the change that happens from the bottom to the top of the proportionally employed social scale in the prevalence of the illness in question.
The RCI assesses the concentration of the health or disease measurement in particular social groups, being used to measure inequality in the case of ordinal variables, such as social class and education. 22, 26 It constitutes one of the so-called indices of disproportionality, calculated in the same way as the Gini index. However, for it to be calculated, the groups are ranked according to their socioeconomic condition, with values ranging between -1 and +1. The RCI is interpreted by the percentage of change among social groups or of education associated with the change in the prevalence of the outcomes. Values close to zero indicate very little inequality; negative values mean that the poorest or least educated have a higher number of negative health outcomes than would be expected for their fraction in the population. . In both editions, the state and municipal departments of health and education were contacted, along with the administrative departments of the surveyed schools. The students' participation was voluntary.
RESULTS
Toothbrushing frequency and sweets consumption among Brazilian adolescent students changed significantly in 2012, compared with 2009 ( Table 1 ). The proportion of individuals who reported brushing their teeth less than twice a day increased from 4.8% in 2009 to 8.2% in 2012, with the highest rates among boys and older adolescents for the two surveyed years. In 2012, low toothbrushing frequency was more prevalent among Black students (Tables 1 and 2 ).
As (Tables 1 and 3 ).
Cigarette experimentation was reported by 23.2% of the students in 2009 and by 21.8% in 2012, without any statistical significance. For both years, this result was significantly higher among older adolescents and students from public schools. In 2009, this prevalence was higher among indigenous students and, in 2012, among Black students (Tables 1 and 2 ).
Analyzing the prevalence of oral health behaviors according to maternal schooling (Table 4) , we observed significant differences for toothbrushing frequency and cigarette experimentation in both 2009 and 2012, as well as for sweets consumption in 2009. Adolescents with less educated mothers (zero to eight years of study) showed lower toothbrushing frequency and higher prevalence of cigarette experimentation in both years as well as higher sweets consumption in 2012. Upon comparing both surveyed years, in all categories of maternal education, the proportion of adolescents with low toothbrushing frequency increased, and the proportion of those presenting high consumption of sweets and soft drinks and those reporting to have tried smoking decreased.
The assessment of the degree of maternal schooling inequalities (Table 5) showed socioeconomic inequality among adolescents from private schools regarding soft drink consumption, since the group with highest maternal schooling showed the greatest consumption for 2012 (positive SII and RCI), and also regarding cigarette experimentation, with a higher prevalence of this behavior among teenagers with mothers of higher education (indicated by positive SII and RCI) in both 2009 and 2012. However, we observed no significant change in inequalities for cigarette experimentation for the analyzed period. We observed inequality among adolescents from public schools concerning the prevalence of high soft drink consumption among students with less educated mothers (negative SII and RCI) for the two evaluated years, albeit with no significant difference for the period. Cigarette experimentation also showed inequality in 2009 among adolescents in public schools, having a higher prevalence among students with more educated mothers (positive RCI). There was no inequality for low toothbrushing frequency or high sweets consumption.
DISCUSSION
Among the major findings of the present study are the over time increase in low toothbrushing frequency and the reduction in the sweets and soft drinks consumption, and in cigarette experimentation. Astrom and Sandal 2 reported a reduction in cigarette experimentation with Norwegian adolescents from 1985 to 1997, but with an increasing trend from 1993 to 1997, with the prevalence of this behavior being almost three times greater than what was observed during this study. As in this study, there was a higher reported prevalence of cigarette experimentation among older adolescents. 2 The Norwegian study 2 also showed a secular trend for the increase in sweets intake and soft drinks consumption, which was different from the findings of our study, and a small reduction in toothbrushing more than once a day.
Regarding sex-related differences, our study found consistent differences with Astrom and Sandal, 2 in which girls were more inclined to have a higher toothbrushing frequency. On the other hand, Astrom and Sandal observed a greater sweets intake and soft drink consumption in males, while our study found that in females. The findings from our study show that both sexes alternated the greatest prevalences for risk behaviors.
Regarding race/skin color, our analysis highlights a higher prevalence of some risk behaviors for indigenous individuals in 2009 and for Black students in 2012. At the same time, higher prevalences were observed for sweets consumption and cigarette experimentation in adolescents from public schools. It is therefore worth stressing the importance of performing regular surveys to monitor trends in health behaviors and oral health in order to integrate health interventions and target them to the most vulnerable groups.
Based on the results of this study, we suggest interventions in public schools designed to improve toothbrushing frequency and simultaneously reinforce the importance of healthy eating, including more fresh food and less processed products. For private schools, the importance of tobacco control programs and actions aimed at reducing the consumption of industrialized drinks is emphasized. Our findings corroborate those from an earlier study, which showed an association between cigarette experimentation and better socioeconomic position in a private school, suggesting that this behavior during adolescence is more linked to social group patterns than to socioeconomic status. 19 Concerning industrially processed drinks, there was higher average monthly expenditure on these products in households in which women had a higher income and educational attainment, 21 probably because these products are considered "time savers". According to West, 27 there is relative equality in health during adolescence, since social inequalities in health decrease during this period, unlike what happens during childhood or adulthood. It has been suggested that this could occur when the effects associated with school, peer group and youth culture transpose the effects of family, environment and neighborhood, as a way to reduce or even remove class differentials in health. This effect is noticeable in this study, since regardless of position on the maternal schooling scale, the changes in the behaviors of adolescents followed the same pattern in the analyzed period, i.e., increase in low daily toothbrushing frequency and reduction in the high consumption of soft drinks and sweets and cigarette experimentation.
Despite the fact that the surveyed health behaviors were self-reported, reliability levels are generally high for most of the self-reported measures in adolescents. 5 However, as the used data were taken from two cross-sectional studies, the inferences from this analysis are limited to changes in the prevalence of oral health behaviors and do not allow assessing causality. Because the income variable was not included in PeNSE, the question remains whether this could be a confounding factor in the inequality analysis.
Missing data is a common occurrence in scientific health research. Statistical techniques involving missing data being replaced by estimating plausible values have been suggested in order to deal with this problem (imputation). However, excluding participants who failed to respond to each variable was the chosen course of action for this study.
One of the strengths of PeNSE is that it represents all Brazilian state capitals and the Federal District, in addition to private and public schools being included. Another important aspect is that the methods employed here to measure health inequalities are the only ones that reflect their socioeconomic dimension, presenting the experience of the entire population, and being sensitive to changes in strata distribution analyzed overtime.
We conclude that the prevalences of oral health behaviors changed during the analyzed period; however, these changes were not related to inequalities in maternal schooling. It is suggested that further research should be performed to evaluate whether the reduction of the prevalence of risk behaviors over the analyzed period results from the effectiveness of specific programs carried out in schools.
